Background. Low caregiver income and poor nutrition knowledge and skills are important barriers to achieving optimal child feeding in rural Ghana.
Introduction
The Scaling up Nutrition (SUN) movement, initiated in 2010, encourages cross-sector collaborations and rapid expansion of interventions proven to be effective in enhancing nutrition outcomes for young children. Food-based strategies that improve dietary quality can affect nutritional status, health, and cognitive development. The benefits of animal-source foods in children's diets in sub-Saharan Africa, where a predominantly plant-based diet is the norm, have been demonstrated previously. Schoolchildren who received snacks with animal-source foods showed significant improvements in micronutrient intake [1] and performed better on cognitive tests [2] than children who received only a vegetable-based snack.
The Ghana 2008 Demographic and Health Survey estimated that 35% of toddlers consumed no animalsource foods during the previous day [3] . Using a multidisciplinary and participatory rapid appraisal approach, Colecraft et al. [4] examined the contextspecific challenges to the availability, accessibility, and utilization of animal-source foods in Ghanaian children's diets. The salient findings included that homereared animals were reserved for special occasions or as an emergency income source; animal-source foods consumed in the family meals were purchased from the market; women were responsible for purchasing animal-source foods for stews and soups; women had limited and sporadic income to purchase animalsource foods; women had poor knowledge and skills about optimal child feeding; preschool-aged children ate from the family pot; there were no strong taboos against feeding children animal-source foods; and children were not prioritized when the quantity of animal-source foods was limited, a recurrent situation [4] . The specific objectives of this project were to integrate nutrition education, financial services, and entrepreneurial training to increase households' access and children's use of animal-source foods in rural Ghana.
Methods

Study design
This project used a quasi-experimental study design to implement an intervention to improve the quality, specifically the inclusion of animal-source foods, of the diets of rural Ghanaian children 2 to 5 years of age. The methods, including a detailed description of the intervention, have been published elsewhere [5] . Briefly, the study took place in three agroecological zones of Ghana (guinea savannah, forest-savannah transitional, and coastal savannah) that represented the diversity of animal-source foods in the country. Ministry of Food and Agriculture staff assisted in selecting two intervention and two comparison communities per zone, based on livelihoods, availability of animalsource foods, and accessibility by road, for a total of 12 study sites. In each intervention community, all eligible caregivers were invited to form self-determined savings and loan groups to receive small individual loans (up to US$50 per cycle for four 16-week cycles) for their income-generating activities. In addition to receiving the loans, the caregivers attended weekly meetings for loan repayment, during which entrepreneurship training and nutrition education on child feeding were given. Caregivers from the comparison communities received only general health education talks.
Data collection and analysis
A total of 134 (out of 652) intervention and 261 (out of 561) comparison caregivers who were eligible in the selected communities were enrolled at baseline. The project had a second phase of enrollment; the additional 45 intervention and 26 comparison participants were not included in this analysis. Data were collected at baseline and at four additional time points, approximately 4 months apart. A precoded questionnaire was used to collect a wide variety of information, including household sociodemographic and economic characteristics (e.g., community-assigned wealth ranking, food expenditures); caregivers' income-generating activities, perceptions of profits over the previous 4 months, and nutrition knowledge; and consumption of animalsource foods in the previous week and anthropometric measurements of children. This paper provides a descriptive analysis, using chi-square goodness of fit tests and Student's t-tests, to examine differences according to group (intervention vs. comparison) and time (baseline vs. endline) in the caregivers' incomegenerating activity and food purchasing practices, and consumption of animal-source foods by their young children.
Ethical approval
Permission to work in the communities was granted by chiefs and other community leaders, and written informed consent was obtained from all participants prior to initiation of the study. The ethical review boards of McGill University, Iowa State University, and the University of Ghana approved the project.
Results
Caregivers' characteristics
At baseline, more than half of the intervention (n = 74 [55%]) and comparison (n = 171 [66%]) households were ranked by their peers as being of low wealth status (p = .09). Most participating caregivers (n = 347 [88%]) were the biological mothers of the children. Caregivers' age (33.2 ± 9.0 years) and years of formal education (median, 0; range, 0 to 19) did not differ between groups (p > .30 for both comparisons). Only 35 caregivers had previous experience with microcredit loans, some with multiple loan sources; comparison caregivers tended to have more experience (p = .06). Lending institutions included nongovernmental organizations, banks, government, and other institutions.
Income-generating activities
Most caregivers (94%) had a small business at baseline. Intervention caregivers were mostly traders (n = 78 [58%]); over half of the comparison caregivers were engaged in crop farming (n = 141 [54%]). The distribution of income-generating activities (animal-source foods-related, non-animal-source foods-related, none) was significantly different between groups at both baseline and endline; in contrast to the comparison group, more than twice as many intervention caregivers were involved in animal-source foods-related activities (15% vs. 35% and 16% vs. 41%, respectively; p < .001) and fewer had no income-generating activities (7% vs. 2% and 7% vs. 1%, respectively; p < .001). There was no change in type of income-generating activities across time (baseline vs. endline for both groups, p > .10). Among the women who had an animal-source foods-related economic activity, over three-fourths (n = 66 [76%] at baseline; n = 63 [81%] at endline) worked with fish, selling fish directly (fresh, partially fermented, salted, smoked, fried dry, or powdered) or in prepared foods.
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The project collected information on caregivers' perception of change in income-generating activity profits. Data were not available at baseline. At endline, there was a significant difference between the groups; almost three times as many intervention caregivers as comparison caregivers reported that their business profits had increased in the previous 4 months (59% vs. 23%), and about half as many reported a decrease in earnings (32% vs. 63%) (p < .001).
The nutrition education encouraged caregivers with animal-source foods-related income-generating activities to use some of their product to enrich the diet of their young children. Intervention mothers reported carrying out this recommendation: "Before the project, I would sell all the fish because I wanted the money. But now, I make sure there is always some fish left at home for them [the children]" [6] .
Consumption of animal-source foods
Changes in intervention children's diets over the project were consistent with the indicators mentioned above of improved access to and utilization of animal-source foods (table 1). 
Meats
By endline, there was a significant difference between groups in livestock meat consumption, with about twice as many intervention children reported to be eating meat two or more times per week. Over time, the percentage of children who did not receive any meat was reduced by half in the intervention group; the comparison group showed no change. At baseline, the majority of children had not consumed either organ meat or bush meat during the previous week. The percentage of children who received no organ meat decreased in the intervention group by more than 20%, whereas this percentage tended to increase in the comparison group. Consumption of bush meat did not change.
Fish, shellfish, and snails
Fish was commonly consumed by most children. There was no group difference at baseline; however, by endline the intervention children consumed whole fish at a higher frequency than comparison children, with almost half of them receiving fish daily. Fish powder was commonly consumed. There was no difference between the groups, but the frequency of consumption of fish powder increased over time. Shellfish and snails were not consumed by many children, and the frequency of consumption of both foods decreased somewhat among the comparison children over time.
Poultry and eggs
Poultry and egg consumption was higher among the intervention group at both baseline and endline. Frequency of poultry consumption increased for both groups, and the percentage of children not consuming any poultry decreased by more than half in the intervention group. Whereas there was no change over time for the comparison group (about one-third of children did not consume eggs in the previous week), there was a dramatic increase (to 95%) in the intervention group in the percentage of children who had eaten eggs at least once in the previous week.
Milk and milk products
There was a dramatic change in the frequency of children consuming milk and milk products. Whereas about two-thirds of comparison children consumed none in both time periods, intervention children reduced that percentage to about one-fifth at endline.
Discussion
This integrated intervention aimed to improve dietary quality through two approaches: increasing households' ability to access animal-source foods by improving caregivers' small businesses, and promoting animalsource foods and other nutrient-rich foods through nutrition education activities. The first approach included making microcredit loans and entrepreneurial training accessible to increase profits, promote market purchases of targeted foods, and among women with an animal-source foods-related business, encourage sharing of animal-source food products with their children as well as selling the products. The second approach provided the necessary tools to promote increased household use of animal-source foods. The proportion of women who worked with animal-source foods in their income-generating activities was greater in the intervention than the comparison group; this difference did not change over time. Access to animal-source foods through caregivers' income-generating activities was associated with improved intake only at endline in the intervention group, where women had been exposed to nutrition education and had enhanced profits. Thus, in this population, having a business related to animal-source foods was not enough to assure a diet rich in animal-source foods for their young children.
It seems logical to assume that improving the economic situation would lead to improved nutrition. The average rate of undernutrition decreases at about onehalf the rate that the gross domestic product increases [7] . However, the strength of the association at a national level varies greatly, with change in economic status sometimes being a poor predictor of change in the rate of undernutrition. At the individual level, Friesen [8] reported that increased maternal income alone (without nutrition education) might not be sufficient to improve child nutrition. Her study compared dietary and nutritional indicators of Ghanaian children whose mothers did or did not participate in microcredit loan schemes. Dietary diversity, but not consumption of iron-rich foods (such as animal-source foods) and nutritional status, was better among children whose mothers received loans [8] . On the other hand, Ruel et al. found that in Lesotho, maternal knowledge of nutrition was positively associated with child nutritional status, but only when economic resources were available [9] . Together, these studies support promotion of integrated interventions to simultaneously increase caregivers' nutrition knowledge and their financial capacity to purchase nutritious foods.
Finally, integrated interventions such as the one presented here are not only beneficial for the child. The frequent social interactions improved the lives of the women, who reported that they experienced better relationships with customers and others, enhanced selfconfidence, perceived independence, and confidence in public speaking and teaching abilities [6] . As future interventions are planned, a wider vision is needed for the inputs as well as the beneficiaries.
